Fractionation of the ethanolic extract of the stem bark of Morus macroura resulted in the isolation of four new Diels-Alder type adducts, named guangsangons K-N (1, 2, 5, 6), together with two known compounds, mulberrofuran G (3) and K (4). Their structures were determined on the basis of spectroscopic analyses and chemical methods. Furthermore, by means of 1 H-NMR variable temperature experiments and the Cotton curves in the circular dichroism (CD) spectra, the stereochemistry of four new compounds was elucidated. The isolated new compounds showed good activity on anti-oxidant in vitro, with the inhibitory rates of MDA being from 91.8 to 100.0% at concentrations of 10 ؊5 mol/l.
Morus macroura MIQ. belongs to the economically and medically important genus Morus, because its leaves have been an indispensable food source for silk-worms, and its root barks have been used to treat diabetes, arthritis, and rheumatism in Chinese herbal medicine. 1) Previously, many novel compounds, which were regarded biogenetically as Diels-Alder adducts of dehydroprenylphenols and chalcone derivatives, were isolated from M. alba, M. lhou, M. bombycis, and so on. [2] [3] [4] [5] [6] [7] [8] In the course of our seeking novel bioactive compound, we started phytochemical research on the stem bark of M. macroura. The EtOH extract of M. macroura was partitioned with CHCl 3 and EtOAc, and the EtOAc fraction was sequentially subjected to column chromatography over silica gel, silica gel RP-18 and Sephadex LH-20 to give six compounds. The present paper deals with the isolation and structure elucidation of these compounds, as well as the evaluation of anti-oxidant effect of new compounds.
Results and Discussion
Guangsangon K (1) was obtained as a brown amorphous powder, and gave a dark green color with the methanolic ferric chloride test, and reacted positively to the magnesium hydrochloric acid test. The molecular formula was determined to be C 35 H 30 O 11 by HR-FAB-MS, which showed a quasi-molecular ion peak at m/z 627.1873 [MϩH] ϩ . The UV spectrum exhibited maxima at 232 (sh), 278 and 319 (sh) nm, and showed a bathochromic shift in the presence of aluminum chloride, indicating the presence of a chelated carbonyl group. 9) The IR spectrum displayed absorption bands at 3402, 1674, 1612, 1502 and 1462 cm Ϫ1 assignable to hydroxyl, conjugated carbonyl and benzene ring moieties. The 1 H-NMR spectrum of 1 displayed the following proton sig-nals, a singlet at d 13.32 (1H, s, HO-10Љ) for a chelated hydroxyl group; one set of ABX aromatic protons assignable to a 2,4-dihydroxyphenyl moiety at d 6.23 (d, Jϭ2. 5 Hz, H-17Љ), 6.11 (dd, Jϭ2.5, 9. . The long-range correlation between H-20Љ and C-5Љ suggested that the 2,4-dihydroxyphenyl moiety was connected to the methylcyclohexene ring at C-5Љ. Therefore, the 2,4-dihydroxybenzoyl and dihydroflavonol moieties were connected to the methylcyclohexene ring at C-4Љ and C-3Љ.
In the 1 H-NMR spectrum (CD 3 COCD 3 ), the proton signals of the methylcyclohexene ring were broadened, this phenomenon suggested that 1 existed as an equilibrium mixture of conformational isomers in solution, 3) and variable temperature studies were then carried out. Measured in DMSO-d 6 at 100°C, the 1 H-NMR spectrum of the methylcyclohexene ring was resolvable as shown in Fig. 1 . Both coupling constants of H-4Љ/H-5Љ and H-4Љ/H-3Љ were observed to be 10.0 Hz, this suggested H-3Љ, H-4Љ and H-5Љ to be axial and the relative configurations of three protons were all-trans.
The stereochemistry of 1 with the absolute configurations of
, R (C-4Љ) and S (C-5Љ) was determined by CD spectrum, which showed a positive Cotton effect at 347 nm, along with two negative Cotton effects at 282 and 287 nm. 10, 11) Guangsangon L (2) was isolated and purified as a yellow amorphous powder. The HR-FAB-MS showed a quasi-molecular ion peak at m/z 477.1558 [MϩH] ϩ , consistent with a molecular formula of C 27 H 24 O 8 . A comparison of NMR ( 1 H, 13 C) spectra of 2 with those of 1 indicated the structure of 2 differed from 1 only in the moiety at C-3Љof the methylcyclohexene ring. Instead of a dihydroflavonol moiety of 1, a 2,4-dihydroxybenzaldehyde moiety was present in 2. In the 1 H-1 H COSY spectrum (measured in DMSO-d 6 , 100°C), H-4Љ was observed to be coupled with H-3Љ (J, 10.0 Hz) and also with H-5Љ (J, 10.0 Hz), this suggested that three protons were all axial and their relative configurations were all-trans. In the previous paper, 10) it was reported that the absolute configurations of three chiral centers on the methylcyclohexene ring in the all-trans adducts were established as R (C-3Љ), R (C-4Љ) and S (C-5Љ), while in the cis-trans adducts as S (C-3Љ), R (C-4Љ) and S (C-5Љ). Furthermore, the all-trans adducts exhibited negative optical rotation values while the cis-trans adducts showed positive ones. Since 2 displayed negative optical rotation value, the absolute configurations of three unsymmetrical carbons were assigned as R (C-3Љ), R (C-4Љ) and S (C-5Љ), respectively.
Guangsangon M (5) was obtained as a brown amorphous powder, and gave a dark green color with the methanolic ferric chloride test, and was positive to the magnesium hydrochloric acid test. The molecular formula was assigned as C 35 H 30 O 10 by HR-FAB-MS, which showed a quasi-molecular ion peak at m/z 611.1962 [MϩH] ϩ . By means of NMR ( 1 H, 13 C) data, the structure of 5 was found to be identical with 1 except for the difference of moiety at C-3Љ of the methylcyclohexene ring. In contrast to the dihydroflavonol moiety of 1, a flavanone unit was connected to the methylcyclohexene ring of 5. 1 H-NMR variable temperature experiment (Fig. 1) showed the relative configurations of H-3Љ, H-4Љ and H-5Љ were all-trans. In the CD spectrum, 5 gave a positive Cotton effect at 305 nm, along with two negative Cotton effects at 285 and 326 nm, and corresponding to the absolute configurations of R (C-2), R (C-3Љ), R (C-4Љ) and S (C-5Љ). 10, 11, 13) Guangsangon N (6) was obtained as a brown amorphous Fig. 1 ) and CD spectrum (with three negative Cotton effects at 269, 288 and 303 nm, and a positive Cotton effect at 333 nm), the relative configurations of H-3Љ, H-4Љ and H-5Љ were assigned as all-trans, and the absolute configurations of C-3Љ, C-4Љ, C-5Љ and C-2 were assigned as R, R, S and S, respectively. [10] [11] [12] In the case of the bioactivities of compounds 1, 2, 5, 6 and Vit E, the inhibitory rates of MDA were 91.8%, 97.6%, 98.3%, 100.0% and 18.2% at concentrations of 10 Ϫ5 mol/l, respectively. Thus, it could be concluded that these compounds had good anti-oxidant activities.
Phytochemical study of this plant also led to the isolation of two known constituents, mulberrofuran G 14) (3) and K 15) (4), and they were identified by comparison of their physical and spectral data ([a] D , UV, IR, 1 H-NMR, 13 C-NMR, MS) with reported values or those of commercial samples.
Experimental
General Procedures UV spectra were obtained on a Shimadzu UV-160 spectrophotometer. NMR spectra were recorded on a Varian Unity INOVA 500 at 500 MHz ( 
